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DETAILED ACTION 

Claim Rejections - 35 USC § 112 

1. The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

2. Claim 3 is rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite for failing 
to particularly point out and distinctly claim the subject matter which applicant regards as the 
invention. 

3. Claim 3 recites the limitation "the dielectric material having an oxygen diffusion through 
the material that is an order of magnitude smaller than oxygen diffusion through oxide spacers 
includes one or more of silicon nitride, silicon carbide or metal oxide" which is in contrary to 
itself. The metal oxide is one of the materials of the oxide spacers and it cannot have an oxygen 
diffusion through the material that is an order of magnitude smaller than oxygen diffusion 
through oxide spacers. 

Claim Rejections - 35 USC § 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 
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5. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

6. Claims 1, 3, 5-7 and 17-19 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Chang (US 5,991,204 A) in view of Fan et al. (US 2004/0065917), and further in view of 
Quirk et al. ("Semiconductor Manufacturing Technology", 2001 , Prentice Hall, pages 456 and 
459-461). 

7. Chang teaches, regarding to claim 1, a method of manufacturing on a substrate 
(semiconductor substrate 100; Fig. la, col. 3 line 58) a 2-transistor memory cell (Flash EEPROM 
cell; Abstract) comprising a storage transistor (the transistor formed under 101) having a 
memory gate stack (the gate stack under 101) and a selecting transistor (the transistor under 107), 
there being a tunnel dielectric layer (floating gate oxide layer 104; Fig. la, col. 4 lines 2-3) 
between the substrate (100) and the memory gate stack (the gate stack under 101), the method 
comprising: forming the memory gate stack (the gate stack under 101) by providing a first 
conductive layer (floating gate poly 103 in Fig. 6a before the etching) on the tunnel dielectric 
layer (104; see Fig. la) and a second conductive layer (second poly; col. 8 lines 55-58) with a 
deposited interlayer dielectric layer (layer 102 of ONO; Fig. la, col. 3 lines 64-65) between the 
first and second conductive layers (103 and 101; see Fig. la), the deposited interlayer dielectric 
layer (102) including oxide (oxide/nitride/oxide; col. 3 lines 64-65) and being susceptible to 
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undesirable growth upon exposure to oxygen during subsequent oxidation steps (the interlayer 
dielectric layer 102 is between two polysilicon layers and is susceptible to undesirable growth if 
two polysilicon layers exposed to oxygen during subsequent oxidation steps), etching the second 
conductive layer (second poly) thus forming a control gate (101; Fig. 6a, col. 8 lines 55-58), 
forming spacers (control gate spacer 106; Fig. 6a, col. 8 lines 62-65) against the control gate 
(101) in the direction of a channel (active channel region 113; Fig. la, col. 3 line 62; the 
direction of channel is the direction from the source to drain) to be formed under the tunnel 
dielectric layer (104; see Fig. la), and thereafter using the spacers (106) as a hard mask (col. 8 
lines 62-65) to etch the first conductive layer (floating gate poly 103 in Fig. 6a before the 
etching) thus forming the floating gate (floating gate poly 103 in Fig. 6b after the etching), 
removing a portion of the tunnel dielectric (104) laterally adjacent to the floating gate (103) and 
exposing a portion of the substrate (100) where the tunnel dielectric (104) has been removed (see 
Fig. 6b, col. 9 lines 1-2); and forming an access gate dielectric oxide (erase gate oxide 112; Fig. 
6c, col. 9 lines 3-4) on the exposed portion of the substrate (100; see Fig. 6c), using the spacers 
(106) to mitigate the diffusion of oxygen to the deposited interlayer dielectric layer (102; the 
spacer 106 covers the interlayer dielectric layer 102 that oxygen has to diffuse across the spacer 
before reaching the interlayer dielectric layer, which means the diffusion of oxygen to 102 is 
mitigated by the extra diffusing process across the spacer), and regarding to claim 17, a method 
of manufacturing a two-transistor memory cell (Flash EEPROM cell; Abstract) comprising a 
storage transistor (the transistor formed under 101) having a memory gate stack (the gate stack 
under 101) and a selecting transistor (the transistor under 107), the method comprising: forming 
a tunnel dielectric (floating gate oxide layer 104; Fig. la, col. 4 lines 2-3) on a substrate 
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(semiconductor substrate 100; Fig. la, col. 3 line 58); forming a first conductive layer (floating 
gate poly 103 in Fig. 6a before the etching) on the tunnel dielectric (104; see Fig. la); depositing 
an interlayer dielectric layer (layer 102 of ONO; Fig. la, col. 3 lines 64-65) on the first 
conductive layer (103), the deposited interlayer dielectric layer (102) including oxide 
(oxide/nitride/oxide; col. 3 lines 64-65) and being susceptible to undesirable growth upon 
exposure to oxygen during subsequent oxidation steps (the interlayer dielectric layer 102 is 
between two polysilicon layers and is susceptible to undesirable growth if two polysilicon layers 
exposed to oxygen during subsequent oxidation steps); forming a second conductive layer 
(second poly; col. 8 lines 55-58) on the interlayer dielectric layer (102; Fig. la); etching the 
second conductive layer (second poly) to form a control gate (101; Fig. 6a, col. 8 lines 55-58); 
forming a selecting transistor (the transistor under 107) on the substrate (100; Fig. 6c) laterally 
adjacent to the first conductive layer (103) and having an access gate (107) on an access gate 
dielectric (erase gate oxide 1 12; Fig. 6c, col. 9 lines 3-4); forming spacers (106) against sides of 
the control gate (101; Fig. 6a), one of the spacers (106) being formed between the control gate 
(101) and the access gate (107; see Fig. 6c); using the spacers (106) to mask underlying portions 
of the interlayer dielectric layer (102) and the first conductive layer (103; Fig. 6a), etching the 
first conductive layer (103) to form a floating gate (103; col. 8 lines 62-65); forming a floating 
gate sidewall dielectric (poly tunnel oxide 109; Fig. 6c, col. 9 lines 3-6) that is contiguous with 
the access gate dielectric (112; see Fig. la) and present between the floating gate (103) and the 
access gate (107; Fig. la), wherein the one of the spacers (106) being formed between the 
control gate (101) and the access gate (107) is thicker than the floating gate sidewall 
dielectric(109; see Fig. la); removing a portion of the tunnel dielectric (104) laterally adjacent to 
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the floating gate (103) and exposing a portion of the substrate (100) where the tunnel dielectric 
(104) has been removed (see Fig. 6b, col. 9 lines 1-2); and forming an access gate dielectric 
oxide (erase gate oxide 1 12; Fig. 6c, col. 9 lines 3-4) on the exposed portion of the substrate 
(100; see Fig. 6c and col. 9 lines 3-4), using the spacers (106) to mitigate the diffusion of oxygen 
to the deposited interlayer dielectric layer (102; the spacer 106 covers the interlayer dielectric 
layer 102 that oxygen has to diffuse across the spacer before reaching the interlayer dielectric 
layer, which means the diffusion of oxygen to 102 is mitigated by the extra diffusing process 
across the spacer). 

Chang does not teach, regarding to claim 1, the spacers being formed from a dielectric 
material having an oxygen diffusion through the dielectric material that is, relative to oxide 
spacers, an order of magnitude smaller than oxygen diffusion through the oxide spacers, the 
etching of the first conductive layer being an anisotropic dry etch that is selective to the tunnel 
dielectric, thereby using the tunnel dielectric to protect portions of the substrate laterally adjacent 
to the floating gate; regarding to claim 3, the dielectric material having an oxygen diffusion 
through the material that is an order of magnitude smaller than oxygen diffusion through oxide 
spacers includes one or more of silicon nitride, silicon carbide or meal oxide, and regarding to 
claim 17, the spacers being formed from a dielectric material having an oxygen diffusion 
through the dielectric material that is, relative to oxide spacers, an order of magnitude smaller 
than oxygen diffusion through the oxide spacers, form a floating gate using an anisotropic dry 
etch that is selective to the tunnel dielectric, using the tunnel dielectric to mask portions of the 
substrate laterally adjacent to the floating gate. 
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In the same field of nonvolatile memory, Fan et al. teach, regarding to claim 1, the 
spacers (dielectric spacers 57; Fig. 6B, paragraph [0051]) being formed from a dielectric material 
(silicon nitride; paragraph [0051]) having an oxygen diffusion through the dielectric material that 
is, relative to oxide spacers, an order of magnitude smaller than oxygen diffusion through the 
oxide spacers (silicon nitride has the oxygen diffusion an order of magnitude small than that of 
the oxide), and regarding to claim 3, the dielectric material (silicon nitride; paragraph [0051]) 
having an oxygen diffusion through the material that is an order of magnitude smaller than 
oxygen diffusion through oxide spacers includes one or more of silicon nitride, silicon carbide or 
meal oxide (silicon nitride), and regarding to claim 17, the spacers (dielectric spacers 57; Fig. 
6B, paragraph [0051]) being formed from a dielectric material (silicon nitride; paragraph [0051]) 
having an oxygen diffusion through the dielectric material that is, relative to oxide spacers, an 
order of magnitude smaller than oxygen diffusion through the oxide spacers (silicon nitride has 
the oxygen diffusion an order of magnitude small than that of the oxide). 

Fan et al. also teach that the silicon nitride is one of the materials for forming spacers on 
the sides of the control gate (paragraph [0051]). 

In the same field of semiconductor manufacturing, Quirk et al. teach, regarding to claim 
1, the etching of the first conductive layer (poly gate etch; Fig. 16.29, page 460, fourth 
paragraph) being an anisotropic dry etch (page 459, bottom paragraph and page 460, 4th 
paragraph) that is selective to the tunnel dielectric (i.e. gate oxide; page 460, 4th paragraph), 
thereby using the tunnel dielectric (gate oxide) to protect portions of the substrate laterally 
adjacent to the floating gate (avoiding any microtrenching of the gate oxide around the periphery 
of the polysilicon; page 460, the bottom paragraph), and regarding to claim 17, form a floating 
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gate (poly gate, which can be a floating gate; Fig. 16.29, page 460, fourth paragraph) using an 
anisotropic dry etch (page 459, bottom paragraph and page 460, 4th paragraph) that is selective 
to the tunnel dielectric (i.e. gate oxide; page 460, 4th paragraph), using the tunnel dielectric (i.e. 
gate oxide) to mask portions of the substrate laterally adjacent to the floating gate (avoiding any 
microtrenching of the gate oxide around the periphery of the polysilicon; page 460, the bottom 
paragraph). 

Quirk et al. also teach that dry etch can provides high selectivity and low device damage 
(page 456, the bottom two paragraphs). 

It would have been obvious to one of ordinary skill in the art at the time of invention was 
made to combine the inventions of Chang, Fan et al., and Quirk et al. using the nitride spacers as 
taught by Fan et al. and the dry etch during the gate formation as taught by Quirk et al, because 
Chang is silent about the material of the spacers on the sides of the control gate while Fan et al. 
teach that the silicon nitride is one of the materials for forming spacers on the sides of the control 
gate (paragraph [0051]), and dry etch can provides high selectivity and low device damage as 
taught by Quirk et al. (page 456, the bottom two paragraphs). 

8. Regarding claim 5, Chang also teaches a method according to claim 1, further including 
forming a floating gate dielectric (poly tunnel oxide 109; Fig. 6c, col. 9 lines 3-6) next to the 
formed floating gate (103) while forming the access gate dielectric (erased gate oxide 112; Fig. 
6c, col. 9 lines 3-6). 

9. Regarding claim 6, Chang also teaches a method according to claim 1, furthermore 
comprising removing part of the interlayer dielectric layer (102) after forming the control gate 
(this can be shown in Fig. 6a and Fig. 6b, where 102 is left only under the control gate 101) but 
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before forming the spacers (this can be shown in Fig. 6a and Fig. 6b, where 102 is left only under 
the control gate 101 and is enclosed by the spacer 106). 

10. Regarding claim 7, Chang also teaches a method according to claim 1 wherein, forming 
an access gate (107) includes forming the access gate while the spacer (106) at the access gate 
(107) side is still present (see Fig. 6c). 

11. Regarding claim 18, Chang also teaches the method of claim 17, further comprising 
forming a cap layer (oxide cap 601; Fig. 6b, col. 8, lines 62-63) on the second conductive layer 
(101), wherein forming spacers (106) includes forming the one spacer (106), which is formed 
between the control gate (101) and the access gate (107; see Fig. 6c), between the cap layer (601) 
and the access gate (107) and in contact with the cap layer (601), the control gate (101), the 
access gate (107) and the floating gate (103; see Fig. 6c). 

12. Regarding claim 19, Chang also teaches the method of claim 17, further comprising 
forming a cap layer (oxide cap 601; Fig. 6b, col. 8, lines 62-63) on the second conductive layer 
(101), wherein forming spacers includes forming the one spacer (the left 106), which is formed 
between the control gate (101) and the access gate (107; see Fig. la), between the cap layer (601) 
and the access gate (107) and in contact with the cap layer (601), the control gate (101), the 
access gate (107) and the floating gate (103; see Fig. 6c), further including forming another 
floating gate sidewall dielectric (109 at the right hand side of 103 in Fig. 6c) located on a 
sidewall (right sidewall) of the floating gate (103) opposite from the floating gate sidewall 
dielectric (109 at the left hand side of 103 in Fig. 6c), and further including forming offset 
spacers (106), one of the offset spacers (106 at the left hand side of 101 in Fig. 6c) being in 
contact with the access gate (107; see Fig. 6c), and another one of the offset spacers (106 at the 
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right hand side of 101 in Fig. 6c) being in contact with the other floating gate sidewall dielectric 
(109 at the right hand side of 103 in Fig. 6c) and in contact with another one of the spacers (106 
at the right hand side of 101 in Fig. 6c) that is located on a side (right side) of the control gate 
(101) opposite from the one spacer (106 at the left hand side of 101; see Fig. 6c). 
13. Claims 4 and 14 are rejected under 35 U.S.C. 103(a) as being unpatentable over Chang, 
Fan et al., and Quirk et al. as applied to claim 1 above, and further in view of Hong et al. (US 
5,614,746 A). 

Chang teaches, regarding to claim 4, before forming the memory gate stack, applying the 
tunnel dielectric layer ( 1 04) on the substrate ( 1 00; this is shown in Fig. 6a), and after formation 
of the memory gate stack (see Fig. 6b), removing the tunnel dielectric layer (104) by a selective 
etching technique (stripping, col. 9 lines 1-2) at least at a location where the selecting transistor 
is to be formed (all the exposed area including the selecting transistor region; col. 9 lines 1-2), 
and regarding claim 14, removing a portion of the tunnel dielectric (104; see Fig. 6b, col. 9 lines 
1-9) includes removing a portion of the tunnel dielectric laterally adjacent to the floating gate 
(103) and expose a portion of the substrate surface (100) (see Fig. 6b, col. 9 lines 1-9), and 
further including forming an access gate (erase gate 107; Fig. 6c, col. 4 line 7) of the selecting 
transistor (the transistor under 107) on the access gate dielectric (erase gate oxide 112; Fig. 6c, 
col. 9 lines 1-9). 

Chang, Fan et al, and Quirk et al. do not teach, regarding to claim 4, the selective 
etching technique preferentially etching the tunnel dielectric layer compared to the substrate, and 
regarding to claim 14, wet etching the tunnel dielectric to remove a portion of the tunnel 



Application/Control Number: 10/574,030 Page 11 

Art Unit: 2811 

dielectric and expose a portion of the substrate surface where the tunnel dielectric has been wet 
etched, leaving the exposed surface of the substrate intact. 

In the same field of nonvolatile memory, Hong et al. teach, regarding to claim 4, the 
selective etching technique (wet etching; Fig. 3E, col. 6 lines 58-61) preferentially etching the 
tunnel dielectric layer (tunnel oxide layer 22; Fig. 3E, col. 6 lines 58-61) compared to the 
substrate (top surface of P-substrate 21; Fig. 3E, col. 6 lines 65-66), and regarding to claim 14, 
wet etching the tunnel dielectric (tunnel oxide layer 22; Fig. 3E, col. 6 lines 58-61) to remove a 
portion (exposed portion) of the tunnel dielectric (22) and expose a portion of the substrate 
surface (top surface of P-substrate 21; Fig. 3E, col. 6 lines 65-66) where the tunnel dielectric (22) 
has been wet etched (see Fig. 3E), leaving the exposed surface of the substrate intact (see Fig. 
3E). 

It would have been obvious to one of ordinary skill in the art at the time of invention was 
made to combine the inventions of Chang, Fan et al., Quirk et al. and Hong et al. to use the wet 
etch to remove the tunnel oxide because Chang, Fan et al., and Quirk et al. is silent of how to 
remove the tunnel oxide and Hong et al. provide a method of wet etch to remove the tunnel 
oxide. 

Response to Arguments 

14. On page 9 of Applicant's Response, regarding to the rejection to claim 3 under 35 
U.S.C. 1 12, second paragraph, Applicant argues that the limitations of claim 3 are not contrary to 
itself. The argument was based on that, firstly, the claim language does not limit the oxide layer 
to only metal oxide as the layer, and secondly, the same material (e.g. a metal oxide) may be 
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used for both the dielectric and the oxide spacers, but the materials may be formed or constructed 
differently such that the dielectric and oxide spacers have different diffusion properties. 

15. The Examiner respectfully disagrees with Applicant's argument, because the rejected 
limitation of claim 3 is contrary to itself. Firstly, the rejected limitations are related to material 
properties between "the dielectric material" and "oxide spacers", and are unrelated to the layer 
structure of the "oxide layer" implied by Applicant. Secondly, the claimed limitation of "oxide 
spacers" is a broad term that the material of the oxide spacers can include all the oxide materials 
including the metal oxide. It would be obvious to one skill in the art to know the rejection 
limitation excludes the dielectric material from all the oxide materials including the metal oxide. 

16. Applicant's arguments filed 09/0 1/201 1 have been fully considered but they are not 
persuasive. 

17. On pages 9-10 of Applicant's Response, Applicant argues that '204 reference does not 
teach the plurality of spacers required by the claim language. 

18. The Examiner respectfully disagrees with Applicant's argument, because '204 reference 
does teach the plurality of spacers, i.e. two control gate spacers 106, against the control gate 101 
in Fig. 6a. 

19. On page 10 of Applicant's Response, Applicant argues that the '917 reference does not 
discuss the dielectric spacers having diffusion properties relative to oxide spacers. 

20. The Examiner respectfully disagrees with Applicant's argument, because the '917 
reference teaches that the silicon nitride is one of the materials for forming spacers on the sides 
of the control gate (paragraph [0051]) and the silicon nitride has the diffusion properties relative 
to oxide spacers as claimed. 
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21 . On page 1 1 of Applicant's Response, Applicant argues that the rejections presented in the 
Office Action appear to attempt to combine the spacers of the secondary '917 reference with the 
gate stack of the flash EEPROM device of the primary '204 reference without regards to overall 
teachings of either the primary '204 reference or the secondary '917 reference. 

22. The Examiner respectfully disagrees with Applicant's argument, because the Examiner 
considered the overall teachings of either the primary '204 reference or the secondary '917 
reference. Both references are teaching flash memories with spacers against the control gate. 
The 204 reference is silent about the materials of the spacers, while the '917 reference teaches 
that the silicon nitride is one of the materials for forming the spacers (paragraph [0051]). It 
would have been obvious to one of ordinary skill in the art to use the silicon nitride as the 
material of the spacers. 

23. On page 1 1- 12 of Applicant's Response, Applicant argues that the Office Action has 
failed to establish motivation to combine the dry etch of the Quirk reference with the '204 
reference. 

24. In response to applicant's argument that there is no teaching, suggestion, or motivation to 
combine the references, the examiner recognizes that obviousness may be established by 
combining or modifying the teachings of the prior art to produce the claimed invention where 
there is some teaching, suggestion, or motivation to do so found either in the references 
themselves or in the knowledge generally available to one of ordinary skill in the art. See In re 
Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988), In re Jones, 958 F.2d 347, 21 USPQ2d 
1941 (Fed. Cir. 1992), and KSR International Co. v. Teleflex, Inc., 550 U.S. 398, 82 USPQ2d 
1385 (2007). In this case, Quirk et al. provides the motivation that dry etch can provides high 
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selectivity and low device damage (page 456, the bottom two paragraphs) which is a solid 
motivation to combine the references. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to HSIN-YI HSIEH whose telephone number is (571)270-3043. 
The examiner can normally be reached on Monday to Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lynne A. Gurley can be reached on 571-272-1670. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
/LYNNE GURLEY/ 

Supervisory Patent Examiner, Art Unit 28 1 1 
/H. H./ 

Examiner, Art Unit 2811 
11/8/2011 



